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In Ref. [1] the following equation is discussed: 
Y’W + 4(w~@))lY = 09 (1) 
where 12 is a positive even number, the constant y is the ratio of odd integers, 
y > 0 and 
DEFINITION. Every function of class C”, not identically equal to 0, which 
satisfies (1) for 2 sufficiently large will be called a solution of Eq. (1). 
Shevelo dealt with Eq. (1) in 1970-1972 and proved the following theorem. 
THEOREM 1. llfa and T satisfy (2), (3) and 
s 00 [I]” q(t) dt = co where a = y(n - 1)for 0 < y < 1, n-1-e,O<e<n-ljory=l, 
then every solution of Eq. (1) is of an oscillutwy character. 
When it is assumed, similarly as in [1], that 
liz&f t-‘?(t) > 0 
(4) 
(5) 
then we get the following conclusion from Theorem 1. 
CONCLUSION 1. If q satisfies assumption (2) 7 satisfies (3), (5) and 
s 
m 
t”q(t) dt = CO where a = y(n - 1) for 0 < y < 1, 
~--1--~,0<~<n--110ry=1, 
then every solution of (1) is an oscillating one. 
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It can be noted, that if one takes n = 2, 0 < y < I then C’onclusion 1 and 
Theorem 2 from [l] are equivalent. If n > 2, then Conclusion 1 and a fortiori 
Theorem 1 is stronger than Theorem 2 from [I]. The proof of Theorem 1 given 
below is based on the following Lemma of Kiguradze [4]. 
LEMMA 1. 1j fe P[a, co), f(~)f(~)(x) ,( 0 for x 2 a, then there exists a 
number k of dazerent parity from n such that for x 3 x,, 3 a there is 
f’“‘(x)f (x) > 0 (I = O,..., k), 
(6) 
(- 1 )n+j-lf (j)(x) f  (x) 2 0 (j = k + l,..., n), 
and 
If (x)1 3 (n ‘1,.:;;-: k) If(n-1)(2n--k-1x)l. 
It is worth-while to notice, that if n is an even number and f  is bounded, then 
k = 1 and because of that there is no contradiction between (6) and (4) of [l]. 
Proof of the Theorem 1. Suppose, that there exists a nonoscillatory and a 
positive solution y of Eq. (1). Ify is negative, the proof is analogous. By Lemma 1, 
there exists an odd number k, 1 < k < n - 1, such that we have: 
y(i)(t) 3 0 (i = O,..., k), 
(7) 
(-l)j+ry(j)(t) > 0 (j = k + l,..., n) for t > t,, 
and 
YW z Y(21+R-“t) 3 (n 2 l)! (2l+rc-y - to)+1 yh-l)(t) > Ata-ly(n-l)(t) 
where A = 2-(n-lJ2/(n - l)!, t > 2+lt,, . Hence we get 
y(T(t)) 3 A[T(t)]~--ly(~-yt) (8) 
for t > tr 3 2”-lt,, and t, so large, that yt”-r)(t) > 0 for t > tr . Let 0 < y < 1. 
From (1) and (8) we have 
A[,(t)]+l) < [y(T(t))]’ [y’“-‘)(t)]+ 
< MT(t))]” [s,” dS)[Y(‘-(S))ly df,, t 2 tl (9) 
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Multiplying (9) by q(t) and integrating from t to co, t 3 t, we obtain 
Because lim t+cay(n-l)(t) < co, then (10) is contradictory with the assumption 
that Eq. (1) has an nonoscillating solution. Let y = I. It follows from (7) and 
(8) that, for each OL, 0 < 01 < 1, there is 
Y(+)) 2 b+(t))]” 3 ~l[T(t)]=(n-l’[ycn-l’(t)]a, 
where A, = A”[y(~(t~))]‘-“, t > t, . After the similar transformations we 
obtain 
Whenor=(n-1-•)/(n-1) is assumed, a contradiction appears. 
Let us note that proof of this theorem is easy, due to the application of the 
Kiguradze’s Lemma, particularly due to formula (8), which was not used by the 
authors of [l]. 
Shevelo has proved as well, that the Theorem 1 is true if y > 1 and 7 is of 
increasing character. One should then take CL = n - 1. It is not known, whether 
Theorem 1 is true without the additional assumption. Neither Shevelo nor the 
other authors give any theorems. The problem is partially solved by Theorem 2 
given below. 
THEOREM 2. Let y  > 1. Ifq and T  satisfy (2), (3) and 
‘,i$ T(t) ltR [T(S)]+’ q(S) dS = 00 (11) 
then every solution of Eq. (1) is oscillating. 
To prove this theorem the following lemmas will be helpful. 
LEMMA 2. If f E C+l[x, , m), f  qx) > 0, f’“” (x) < 0 for x > x1 , 
i = O,... k, then there exists x2 such that for x >, x2 we have 
f  (yx) >, (x/2) f  ‘“‘(cc) 
f  (2k-lx) > Ax”-y’“-yx), A = 2w2)(k-l)/2 
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Proof. It can easily be observed that for x sufficiently large we have: 
p-“(X) >f’“-l’(x) -f’“-“(Xl) = p(t) dt 
Xl 
3 (x - xl)f’“‘(x) 2 p(X), x 3 2x, , 
f(2k-lx) >j(2”-lx) -f(2k-2~) = 2k-2 j-2rf’(2k-2t) dt 
e 
2 2”-24’(2”-2x) > 2”-2 ’ 2”-3x j-25f”(2k-3t) dt 3 . . . ~Xk-lfWl)(X). 
2: 
LEMMA 3. Iffc Cz[xo, co), (-l>ifti)(x) > Ofor x > x0, i = 0 ,..., 1, (I, is 
integrable and nonnegative fog x > x0 and (- l)zf(z)(x) 3 4(x), x 3 x0 then 
f(21-t4 > 2-~‘~-1”2 Izrn tz-1$(t) dt for x 3 2z-1xo . 02) 
Proof. It is obvious, that 
(-l)Z-if’&-1’ (;) 2 /%;s a/(t) dt, x > 2x0 . 
Integrating this inequality from x to CC we have 
(-l)z-2f(z-2) (;j 3 ; !%a ds J8y2 #(t) dt = ; s,:, (2t - x) #(t) dt 
and 
s m W) dt, x 3 2x, 5 
(-l)r-2f(z--2) (;) > ; j-T2 t+(t) dt, x > 4x0 . 
Integrating again the latter inequality from x to co, x > 4x0 we obtain 
(-l)z-3f(z-3) (2) t A Jsrn ds Is:2 t#(t) dt = &- II2 t(2t - x) 4(t) dt 
It can be seen, that when we repeat these calculations (I - 3) times, then we 
get the formula (12). 
Proof of Theorem 2. Let y  be a positive nonoscillating solution of Eq. (1). 
From the Lemma 1, as in the proof of Theorem 1, we have (7). y(‘“-l) is then a 
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nonnegative and nondecreasing function and obviously not identically equal to 0; 
then 
‘,iII y(k-l’(t) > 0. (13) 
It follows from Lemma 2 and from (3), that for t 3 t, 3 t, these inequalities 
are true: 
and 
y(t) 3 C1t~-ly(~-1)(21--kt) 2 C,y’k-l’(p), 
J’@(t)> > C~[‘-(t)l~-~ Y’“-“(&)h 
(14) 
where /3 = 2+, C, = 2-n/s. Substituting (14) in (I), we obtain 
--ytn’(t) > cl’[T(t)]Y’k-l’ Q(t)[y’k-“(flT(t))]Y, t >, t, . (16) 
Let us take advantage of Lemma 3. When taking f = y(k), 1 = n - k and # as 
a right-hand side of the inequality (16), we get 
y’“q3t) > y(%)(2l+k-Y) > c, s 
tm [T(S)]y’k-l’ S”-“-‘q(S)[y’“-“(BT(S))]~ dS 
s 
(17) 
>, c2 tm [+)]n-2 q(S)[Y’k-l’(/+))]v & c, = 2+V,v, t >, t, . 
It follows from (15) and (17) that 
y’k-1’(/3T(t)) >/ C1C2T(t) irn [T(S)]n-2 q(S)[y’“-“@T(S))l ds. 
Let {tn}, n > t, be the sequence such that 
(18) 
min y’“-“@T(t)) = y’k-l’(@T(t,)). 
WV) I 
From (18) it follows that 
Y(k-l)(~T(tn)) > c,c,T(t,)[Y’“-“(rsT(t,>)l’ I” [+>ln-2 4(s) ds. 
Hence, 
[y’“-“(/?T(t,))]‘-’ > C&&x) j-, [T(s)]“-” q(s) ds. (19) 
Because lim,,, t, = 00, it follows from (11) that the right-hand sequence in 
the inequality (19) is divergent. Hence lim,-,, yck-“(t) = 0 and further we 
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obtain a contradiction with (13); this finishes the proof. Therefore, y is os- 
cillatory. 
CONCLUSION 2. Let 4 satisfies (2), 7 satisfies (3), (5) and 
m lim t 
s t-m t 
s~-%J(s) ds = co; 
then the conclusion of Theorem 2 is true. 
This conclusion and a fortiori Theorem 2, is stronger than Theorem 1 from 
[l] when n > 2. 
One can note that further integration of the inequality (16), which due to a 
simplification of the proof was replaced by an application of Lemma 3, allows us 
to prove a stronger theorem than the Theorem 1 from [I]. 
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